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statement  of  Work 

The  purpose  of  this  work  is  to  construct  a  10  foot  tall 
cooled  wall  cloud  simulation  chamber  capable  of  cooling  at  15*C/ 
min.  Construction  will  include  secondary  cooling,  computer  con¬ 
trol  and  data  acquisition,  and  other  control  systems  required 
for  operation  of  the  chamber.  The  chamber  will  be  incorporated 
into  the  existing  UMR  prototype  facility. 

Introduction 

During  the  past  year  work  in  many  areas  has  proceeded  from 
the  planning  and  design  stages  to  construction,  testing  and  as¬ 
sembly.  While  significant  work  has  been  accomplished  in  both 
the  electronics  and  optical  area  the  most  visible  results  have 
been  in  the  mechanical  work. 

The  post  mortem  of  the  Proto  I  chamber  completed  at  the  end 
of  the  first  year •  s work  verified  that  the  invasion  of  the  thermo¬ 
electric  modules  by  the  potting  compound  used  for  sealing  had 
caused  mechanical  separation  of  the  modules  due  to  thermal  expan¬ 
sion  during  high  power  operation.  This  meant  that  the  problem  of 
gasket  seals  had  to  be  solved  for  both  the  Proto  II  and  Romulus 
chambers.  The  additional  engineering  studies  required  have 
caused  a  shift  in  the  areas  of  concentrated  effort. 

Mechanical  Work 

An  extensive  study  of  the  temperature  uniformity  over  the 

surface  of  the  chamber  inner  wall  plates  has  been  carried  out. 

Several  small  but  important  modifications  have  resulted.  First 

it  was  found  that  without  the  massive  reverse  heat  flow  due  to 

the  potting  compound  the  uniformity  of  temperature  was  very 
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sensitive  to  the  flatness  and  uniformity  of  thickness  of  the 
thermoelectric  modules  placed  under  each  inner  wall  plate.  This 
resulted  in  a  revision  of  the  specifications  on  the  thermoelectric 
modules  prior  to  purchase.  With  the  Proto  II  chamber  it  was 
found  that  the  edges  of  the  inner  wall  plates  had  to  be  beveled 
to  reduce  the  mass  of  plate  material  per  thermoelectric  module 
to  more  nearly  match  that  of  the  modules  in  the  center  of  the 
plate. 

Since  the  sealing  gasket  around  the  edge  of  the  inner  wall 
plate  represents  a  major  possible  heat  leak  between  the  heat  sink 
and  inner  wall  plate  a  program  to  design  a  suitable  gasket  was 
carried  out  with  the  temperature  studies.  The  resulting  gasket 
utilizes  a  molding  compound  which  forms  a  closed  cell  foam  during 
the  curing  process.  Both  studies  have  been  carried  out  for  the 
Proto  II  chamber,  however  the  results  apply  directly  to  the 
Romulus  chamber. 

Many  of  the  small  parts  such  as  those  for  the  manifolds  con¬ 
necting  the  secondary  cooling  system  to  the  heat  sinks  are  being 
cast  using  a  filled  epoxy  compound.  The  parts  for  Proto  II  are 
nearly  complete  and  the  required  molds  for  Romulus  parts  are 
ready.  Fabrication  of  the  remaining  parts  is  proceeding  at  the 
rate  of  a  few  per  day  until  the  required  number  is  complete. 

Machine  work  on  the  top  and  bottom  heat  sinks  and  one  sec¬ 
tion  of  side  wall  heat  sinks  for  Proto  II  is  complete  and  work 
on  the  second  set  of  side  wall  heat  sinks  is  underway.  The  top 
and  bottom  heat  sinks  have  been  anodized  and  the  cooling  mani¬ 
fold  assembled  and  successfully  tested.  Work  on  the  heat  sinks 
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for  the  Romulus  chamber  has  been  started  but  is  currently  behind 
schedule,  however,  the  university  central  shop  is  making  a  major 
effort  to  make  up  for  lost  time.  They  have  received  the  numeri¬ 
cal  controls  for  their  vertical  milling  machine  and  now  have  all 
the  items  of  major  equipment  required  to  complete  the  work. 

Based  on  the  results  of  the  temperature  uniformity  tests  the 
thermoelectric  modules  required  were  purchased.  Due  to  the  close 
tolerance  required  for  thermoelectrics  under  a  single  plate, 
±0.0001  in.,  and  the  number  of  thermoelectric  modules  involved, 
7000  modules,  a  computerized  gaging  system  was  developed  to  meas¬ 
ure  the  flatness  and  thickness  of  each  module.  The  system  was 
used  to  determine  acceptance  of  the  modules  from  the  manufacturer. 
The  resulting  data  base  is  also  being  used  to  select  the  modules 
which  are  suitable  for  use  under  a  single  inner  wall  plate. 
Selection  and  internal  wiring  of  the  sets  for  Proto  II  is  approx¬ 
imately  50%  complete. 

Other  areas  of  work  have  included  completion  of  the  assembly 
hoist  for  Proto  II  and  acquisition  of  parts  for  the  Romulus  hoist. 
The  concrete  pad  which  will  provide  a  base  for  both  the  Romulus 
chamber  and  optical  table  was  completed.  The  system  for  clean¬ 
ing,  drying  and  saturating  the  air  used  in  sample  preparation 
was  overhauled  and  relocated  to  accommodate  the  two  new  chambers. 

Keeping  in  mind  the  extensive  tests  required  for  the  inner 
wall  of  Proto  II,  a  test  section  duplicating  one  face  of  a  Romulus 
side  wall  heat  sink  has  been  completed  along  with  pieces  to  serve 
as  the  two  adjacent  faces.  This  test  section  will  be  used  to 
verify  the  temperature  uniformity  of  the  inner  wall  plate,  gasket 


design  and  manifold  designs. 


A  computer  model  of  the  heat  transfer  in  the  Romulus  cham¬ 
ber  has  been  developed  using  an  electrical  analog  technique. 

This  model  now  includes  the  external  secondary  cooling  loop  and 
will  be  used  to  develop  the  required  specifications  for  the 
secondary  cooling  system. 

Optical  Work 

It  was  our  original  intention  to  construct  the  optical  table 
and  framework  for  Romulus  ourselves,  however,  the  saturation  of 
our  work  force  and  the  need  to  insure  internal  damping  of  the 
system  resulted  in  a  decision  to  purchase  the  table  and  tower  as 
a  unit  from  Newport  Research  Corporation.  The  system  has  been 
received  and  set  up  for  testing.  At  present  the  results  indicate 
that  the  stability  of  the  system  is  extremely  good  with  little 
or  no  long  term  drift. 

In  addition  to  re-evaluation  of  the  Doppler  laser  scattering 
system  we  are  designing  the  optics  and  mounts  required  to  use  the 
otpical  systems  on  any  three  of  six  levels  simultaneously.  This 
design  is  emphasizing  self-compensating  aspects  of  alignment  and 
ease  of  change  between  levels. 

Work  with  Proto  I  and  preliminary  tests  with  the  Proto  II 
test  section  have  shown  that  the  temperature  of  the  windows  must 
be  actively  controlled.  Initial  tests  of  a  window  consisting  of 
two  thin  (0.02  in.)  sapphire  disks  with  thermostated  ethanol 
flowing  between  them  show  that  it  can  be  cooled  and  heated 
at  the  rates  planned  for  both  the  Romulus  and  Proto  II  chambers. 
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Electrical  Work 

Endurance  tests  of  the  power  supplies  to  drive  the  thermo¬ 
electric  modules  were  successfully  completed.  The  power  supplies 
are  being  built  in  pairs  which  are  mounted  on  a  set  of  water 
cooled  heat  sinks  and  an  accompaning  printed  circuit  board. 

Forty  percent  of  the  heat  sinks  for  the  240  power  supplies  have 
been  mechanically  assembled.  The  printed  circuit  board  is  in 
the  final  stages  of  layout  prior  to  being  sent  to  a  manufacturer. 
The  cabinets  and  closed  loop  coolant  system  have  been  assembled 
and  are  ready  for  wiring. 

The  nine  37.5  kVA  transformers  which  will  supply  the  raw 
power  for  the  thermoelectric  power  supplies  have  been  received 
and  mounted  in  an  enclosed  cabinet  together  with  the  associated 
rectifiers. 

The  analog  control  circuit  for  use  on  the  Proto  II  chamber 
is  still  in  the  development  stage.  Several  initial  designs  have 
been  breadboarded  and  tested  on  one  section  of  the  chamber  set 
up  for  this  purpose,  however  each  has  proved  unsatisfactory  due 
to  excessive  offset  or  instability.  Recent  results  have  indicated 
that  additional  response  tests  are  required. 

The  digital  control  for  the  Romulus  chamber  has  been  computer 
modeled  to  determine  the  control  algorithm,  and  type  and  quantity 
of  computer  hardware  required.  The  modeling  has  been  completed 
and  specifications  for  the  hardware  is  being  developed. 

The  design  of  the  transistor  thermometers  used  for  tempera¬ 
ture  measurement  throughout  the  system  ran  into  an  unforeseen 
problem  when  it  was  discovered  that  the  new  sensors  did  not  have 
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the  long  term  stability  of  the  older  ones.  Consequently  a  time 
consuming  and  rather  sophisticated  program  was  required  to  deter¬ 
mine  the  cause.  It  was  found  that  the  manufacturer  had  changed 
the  chip  geometry,  method  of  passivating  the  junction  and  packag¬ 
ing.  The  net  result  was  an  increase  in  the  susceptibility  of  the 
junction  to  the  inbound  migration  of  impurities  resulting  in  an 
unacceptable  amount  of  long  term  drift  when  the  transistor  is 
used  as  a  temperature  sensor.  Once  the  problem  was  determined, 
a  search  was  made  for  alternative  transistors  which  would  be 
suitable,  the  final  result  was  the  purchase  of  special  chips 
from  one  manufacturer  and  special  packaging  performed  by  a  second 
firm.  Construction  of  the  new  thermometers  will  proceed  as  soon 
as  the  new  sensors  are  received. 

Third  Year  Work 

The  machining  of  the  major  components  of  the  Romulus  chamber 
will  be  continued  during  the  early  part  of  the  third  year.  Assem 
bly  and  testing  of  the  Proto  II  chamber  will  be  pushed  during  thi 
period.  Design  and  development  of  the  secondary  cooling  system 
for  the  Romulus  chamber  will  utilize  the  computer  model  which  has 
been  developed  for  this  purpose. 

The  developr.er  t  and  testing  of  the  optical  hardware  will 
continue.  Development  of  the  cooled  window  design  will  be  pushed 
to  permit  early  incorporation  into  the  machine  work.  The  multi¬ 
beam  laser  system  will  also  be  developed  and  tested. 

Development  of  the  control  systems  for  both  chambers  will  be 
pursued  together  with  the  continued  work  on  construction  of  the 
Switching  power  supplies.  Construction  and  installation  of  the 
new  transistor  thermometers  will  also  be  in  progress. 
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REPORT  OF  INVENTIOHS  AND  SUBCONTRACTS 

(Putauant  to  ‘'Patent  Rights"  Contract  Ctauxe) 


Koiin  AMwo«a4 

flu>l|;a(  Ourcau  No.  }2-Rt60 


INSTRUCTIONS 

This  (orm  may  be  used  for  INTERIM  and  FINAL  reports,  and 
.when  used  shall  be  completed  arvd  forwarded  to  the  Conlractine 
Officer  in  triplicate. 

An  INTERIM  report  shall  be  submitted  at  least  every  twelve 
months,  commencins  with  the  date  of  the  contract,  and  should 
Include  only  those  inventions  and  subcontracts  for  which  com¬ 
plete  irtformation  has  not  previously  been  reported. 


I.  wauc  awo  Aooness  of  cONTnacron  (Ynctuita  ZIP  Coda) 


TO  CONTRACTOR 

A  FINAL  report  shall  be  submitted  aa  soon  as  practicable 
after  the  work  under  the  contract  is  complete  and  shall  in¬ 
clude  (a)  a  summary  of  all  inventions  required  by  the  contract 
to  be  reported,  including  all  Inventions  previously  reported 
and  any  inventions  since  the  last  INTERIM  report;  arul  (b) 
any  required  information  for  subcontracts  which  has  not  pre¬ 
viously  been  reported. 


coNTnacT  NUMocn 


University  of  Missouri-Rolla 

Graduate  Center  for  Cloud  Physics  Research 


AFOSR  F49620-80-C-0090 


I.  Tr^e  or  (thmek  cn^) 

iMtEAlM  riNAi. 


SECTION  I  •  INVENTIONS  (**Sutiect  Inventions**  tor^uiteH  to  bt  tepettod  by  the  *'Pottnt  Rifihts**  e/ruse) 


4.  invention  data  (check  one) 

r^4.  THCNC  WCAC  HO  iNVCNTtONS  WHICH  ACASOHAOuV  APPEAR  TO  PC  PATENTAPivE 
LISTED  PELOW  AfIC  INVCNTIOHl  WHICH  PFASOMApLT  AWPEAO  TO  PE  PATCMTAPl  C.  AHV  INVENriON  DISCLOSURES  WHICH 


HAVE  HOT  PCEN  PREVIOUSLY  SUOMITTEO  TO  THE  COMTRACYINC  OFFlCCR  ARC  ArTACHEO  TO  THIS  NCPORT. 


patent 

APPLICATION 
SERIAL  NUMBER 
AND  CONTRAC¬ 
TOR'S  DOCKET  NO. 


CONTRACTOR 
HAS  PILED 
OR  WILL  FILE 

u.s.  patent 

APPLICATION 


CONFIRMATORY 
LICENSE  OR 
ASSiCNMENT  HAS 
BEEN  forward- 
EO  a'OCONTRAC- 
riMC  OFFICER 


SECTION  11  -  SUBCONTRACTS  ^Conrpining  p  **P»fenl  Ri^Aij?"  ctoitse) 


%,  LISTED  BELOW  IS  INFORMATION  REQUIRED  BUT  NOT  PREVIOUSLY  REPORTED  FOR  SUBCONTRACTS.  (It  not  epphcable,  write^None*  ) 


(10  (IV) 

DATE 

Subcontract  number  subcontract 

COMPLETED 


SECTION  III  -  CERTIFICATE 


CONTRACTOR  CERTIFIES  THAT  THIS  REPORT  OF  INVENTIONS  ANO  SOOCOMTRAC  T  S.  INCLUDING  ANY  ATTACHMENTS. 
IS  CORRECT  TO  THE  OEST  OF  ThE  CONTRACTOR'S  KNOWLEDGE  AND  OELIEF. 


OAfC  iHAMt.  ANO  TrTLF  OF  AU  T  HOftt  t  ilO  Of  t  I  Ct  AL  (l•9$n^  or  T  |sf  CN  A  T  URf.  ^ 


7-7-81 


Dr.  Daniel  R.  White,  Research 
Associate  Professor 
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